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Comparing Management Programs to Reduce
Red–tailed Hawk Collisions with Aircraft
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ABSTRACT Wildlife‐aircraft collisions (wildlife strikes) pose a serious safety risk to aircraft. Raptors (i.e.,
hawks and owls) are one of the most frequently struck guilds of birds within North America. Although
raptors (most notably red‐tailed hawks [Buteo jamaicensis]) are commonly managed at most airports and
military bases, there is no scientiﬁc information available regarding comparisons of the eﬃcacy of raptor
management programs for reducing raptor‐aircraft collisions. Therefore, we conducted a study to examine
the eﬃcacy of 2 raptor hazard management programs implemented at Chicago’s O’Hare International
Airport (ORD). The ﬁrst raptor management program (Phase I) occurred during January 2010–June 2013
and was characterized by intensive and sustained live‐trapping and translocation eﬀorts. The second raptor
management program (Phase II) occurred during July 2013–December 2016 and involved live‐trapping and
translocation of speciﬁc age classes and increased lethal removal of problematic individual hawks. Compared with Phase I, there were 47% fewer red‐tailed hawk strikes (52 in Phase I and 28 in Phase II) and
67% fewer damaging red‐tailed hawk strikes (6 in Phase I and 2 in Phase II) during Phase II of the
management programs. Our ﬁndings demonstrate that airport wildlife management decisions based on
scientiﬁc data and biological information can aid in reducing wildlife strikes, ﬁnancial losses, and ultimately
airport liability while increasing human safety. The decision matrix regarding the components of an airport
raptor hazard management program involves a variety of biological, geographic, logistical, economic, and
socio‐political variables. Our study provides a scientiﬁc foundation for informing such management decisions. Published 2021. This article is a U.S. Government work and is in the public domain in the USA.
KEY WORDS airports, bird strikes, economics, Buteo jamaicensis, management, raptors, red‐tailed hawks.

Wildlife‐aircraft collisions (wildlife strikes) pose a serious
safety risk to aircraft and the ﬂying public. The total cost of
wildlife strikes to commercial aviation world‐wide has been
estimated to be more than US$1.5 billion per year (Allan
et al. 2016). Wildlife strike costs to civil aviation (i.e., direct
repair of aircraft costs) in the United States have conservatively been estimated to exceed US$965 million annually (Dolbeer 2018), but the actual costs (incorporating
aircraft down time, the cost of putting passengers in hotels,
and other indirect costs) are likely much higher (Anderson
et al. 2015). Raptors (e.g., hawks and owls) are one of the
most frequently struck bird guilds within North America
(Dolbeer 2018), and pose a serious safety risk to civil (DeVault et al. 2011, Washburn et al. 2015, Linnell and
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Washburn 2018) and military aircraft (Zakrajsek and
Bissonette 2005, Pfeiﬀer et al. 2018).
Implementation of management actions to reduce the
presence and abundance of hazardous wildlife (e.g., raptor)
numbers on and around airports is critical for safe airport
operations (Cleary and Dolbeer 2005, DeVault et al. 2013).
Integrated wildlife damage management programs combine a
variety of non‐lethal and lethal management tools to reduce
presence of raptors on airports, which ultimately reduces the
probability of raptor‐aircraft collisions (DeVault et al. 2013,
Guerrant et al. 2013). Commonly used methods to manage
raptors (and other hazardous wildlife) include non‐lethal
hazing with pyrotechnics (Marsh et al. 1991), mitigation
translocation (i.e., live‐capture and translocation of problematic individuals; Schafer and Washburn 2016, Biteman
et al. 2019), prey management (Washburn et al. 2011,
Witmer 2011), and lethal removal of problematic individuals
(Dolbeer et al. 1993, Baxter and Allan 2008). Given high
public interest, logistical and ﬁnancial constraints, federal and
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state regulations, and other factors, managing raptors at airports presents some unique challenges (Washburn 2018).
Red‐tailed hawks (Buteo jamaicensis) are one of the most
abundant and wide‐spread raptors in North America.
During 1966–2015, red‐tailed hawk populations increased
annually by 3.5% in Illinois and 1.7% in the USA (Sauer
et al. 2017). Red‐tailed hawks are commonly involved in
collisions with civilian and military aircraft and pose
an important risk to aviation safety (Zakrajsek and
Bissonette 2005, Blackwell and Wright 2006,
Dolbeer 2018). DeVault et al. (2018) found that among the
79 bird species they evaluated, red‐tailed hawks posed the
highest strike risk to civil aviation in the USA (nationally),
as well as the highest risk (locally) at 3 of 4 major U.S.
airports. During 2007–2012, red‐tailed hawks accounted for
the majority of damaging wildlife strikes to aircraft at
Chicago’s O’Hare International Airport, and consequently
their management is a major focus of the integrated wildlife
damage management program at the airport (Guerrant
et al. 2013).
To our knowledge, there is no published information
available regarding the eﬃcacy and economics of raptor
hazard management programs for reducing the abundance
of raptors on airﬁelds and thus reducing the frequency of
raptor‐aircraft collisions at airports. Consequently, scientiﬁc
evaluations are needed as they are essential for the development of eﬀective raptor hazard management programs
within airport environments. We conducted our study to
increase understanding of the eﬃcacy of wildlife mitigation
programs in reducing the frequency of aircraft strikes involving red‐tailed hawks. The objectives of our study were
to: 1) describe and summarize the components of 2 raptor
management programs implemented at a major civilian
airport, 2) evaluate red‐tailed hawk airﬁeld abundance and
hawk strikes with aircraft that occurred during the implementation of these programs, and 3) examine the
economic costs of raptor management programs.

STUDY AREA
We conducted our study at Chicago’s O’Hare International
Airport (ORD) in Chicago, Illinois (41°58′43″N, 87°54′17″W).
This airport was operated by the Chicago Department of
Aviation and encompasses approximately 2,950 ha (Chicago
Department of Aviation 2014). In 2017, there were over 79
million passengers and 867,049 aircraft operations at the airport,
making ORD one of the largest and busiest civilian airports in
the world (McMillen 2004, Airports Council International 2017).
The airﬁeld at ORD was comprised of a variety of land
covers, including pavement/buildings (1,281 ha), grasslands
(1,375 ha), areas under construction (232 ha), and forest/
shrublands (24.7 ha). In addition, numerous water control
structures (e.g., retention ponds) and drainage areas were
distributed throughout the airport property (Chicago
Department of Aviation 2014). Mean annual precipitation
at the airport was 930 mm per year with 56% typically
falling as snow during October–April (Calsyn et al. 2012).
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Average daily temperatures were 22.2°C during summer and
−4.1°C during winter.

METHODS
We assigned all live‐captured red‐tailed hawks, as well as
those involved in collisions with aircraft (i.e., hawk strikes),
to age classes based on plumage and eye coloration
(Pyle 2008, Preston and Beane 2009). Hatch‐year (HY)
birds were less than 12 months old at the time of capture or
recovery. Second‐year (SY) birds were between 12 and
24 months of age, whereas after‐second year birds (ASY)
were more than 24 months of age at the time of capture or
recovery. As with all raptor species, red‐tailed hawks are
protected by the Migratory Bird Treaty Act (16 USC
§§703‐712). All raptor management activities at ORD were
conducted under federal and state permits issued by the U.S.
Fish and Wildlife Service (#MB020299) and the Illinois
Department of Natural Resources (Class E, Nuisance
Wildlife Control Permit), respectively.
Phase I Management Program
During 1 January 2010–30 June 2013, the ﬁrst of the raptor
hazard management programs was conducted at ORD. The
hazard management program included both non‐lethal and
lethal methods, with a particular emphasis on mitigation by
translocations of red‐tailed hawks. A variety of standard
live‐capture methods were employed to capture red‐tailed
hawks that were presenting a hazard to aircraft at ORD,
including Swedish goshawk traps, pole traps, and bal‐chatri
traps (Bub 1991, Bloom et al. 2007). Red‐tailed hawks of all
age classes (HY, SY, and ASY) were translocated from
ORD during all months of the year and up to a total of
3 times. Translocated birds were released at 4 diﬀerent locations, located 81 km, 121 km, 161 km, and 204 km, respectively, west of the airport. Speciﬁc details regarding the
mitigation translocations conducted during Phase I can be
found in Pullins et al. (2018).
Pullins et al. (2018) found that the age class of the birds,
the season of the year (i.e., breeding vs. non‐breeding), and
the number of times an individual hawk was translocated
inﬂuenced the return rates of red‐tailed hawks following a
mitigation translocation. Based on their ﬁndings, they developed a decision matrix for the management of red‐tailed
hawks (Pullins et al. 2018).
We queried the USDA APHIS Wildlife Services (WS)
Management Information System (MIS) database and extracted all records pertaining to the management of red‐
tailed hawks at ORD during Phase I. Available information
included the action taken, methods and tools used, and the
resulting fate of the hawks involved (e.g., mitigation translocation, lethal removal). Lethal removal was used when it
was necessary to mitigate emergency situations related to
human health and safety following the repeated application
of non‐lethal methods.
Phase II Management Program
The Phase II raptor management program was conducted
during 1 July 2013–31 December 2016 and was essentially
Wildlife Society Bulletin • 45(2)

modeled after the proposed management framework found
in Pullins et al. (2018). The Phase II management program
also included the same non‐lethal and lethal components
used in the ﬁrst program, but the guidelines for the implementation of the various methods were diﬀerent. During
Phase II, there was a greater emphasis placed on the use of
non‐lethal hazing tools (e.g., pyrotechnics, vehicle hazing)
and lethal removal of problematic individuals, as well as
speciﬁc guidelines regarding mitigation translocations (i.e.,
HY hawks were only translocated during the non‐breeding
season). As for Phase I, we queried the Wildlife Services’
MIS database and extracted all records pertaining to the
management of red‐tailed hawks at ORD during Phase II.
Mitigation translocations included HY birds and occurred
only during the non‐breeding season (July through
December). All other red‐tailed hawks found on the airﬁeld
were managed using hazing methods or were lethally removed. A total of 316 HY red‐tailed hawks live‐captured at
ORD during Phase II were banded with a standard U.S.
Geological Survey leg band and marked with a pair of patagial tags (one on each wing; Varland et al. 2007, Pullins
et al. 2018). Patagial wing tags were identical to those used
during Phase I of the study and details can be found in
Pullins et al. (2018). Hawks were held in captivity for less
than 48 hr under climate‐controlled conditions, in individual cages, and with minimal human disturbance. Individuals were released at Castle Rock State Park (41°58′
40″N, 89°21′25″W), which is located near Oregon, IL and
is approximately 121 km (75 miles) west of ORD. Land
covers at the release site were comprised of a mixture of
forest/woodlands, grasslands, and agricultural areas.
Monitoring for Returns and Airﬁeld Abundance of Red‐
tailed Hawks
Following Pullins et al. (2018), we deﬁne a raptor return as
any situation in which an individual red‐tailed hawk was
resighted (i.e., visually observed) or recovered (e.g., re‐
captured, struck by aircraft, found dead) on the airport
following a mitigation translocation of that individual hawk.
Live‐trapping activities for raptors, standard avian point‐
count surveys for hazardous wildlife (Cleary and
Dolbeer 2005), and continual monitoring eﬀorts during
daily wildlife detection and hazard management activities
were conducted on the airﬁeld at ORD from January 2010
(the start of this study) to December 2016 (after the
marking phases of the project ended). During 2010–2016,
WS personnel conducted a series of standard avian surveys
each month (averaging 2 surveys per month) at random start
times and locations (Bibby et al. 2000). During each survey,
a 3‐min, ﬁxed‐area point count (200‐m radius) was conducted at 15 pre‐determined locations on the ORD airﬁeld.
We extracted all observations of red‐tailed hawks during
these surveys for our analyses.
Red‐tailed Hawk Strikes with Aircraft
We queried the Federal Aviation Administration’s National
Wildlife Strike Database (Dolbeer 2018) and extracted all
records that involved red‐tailed hawks at ORD from
Washburn et al. • Comparison of Raptor Management Programs

1 January 2010 to 31 December 2016. In addition, we obtained additional information about many of these strike
events because all struck birds and strike events occurring at
ORD are reviewed by USDA‐WS personnel per airport
policy. We found a total of 80 red‐tailed hawk strike records, which contained varying levels of information among
them (for example, not all records contained age class data).
We standardized the number of reported red‐tailed hawk
strikes per 100,000 aircraft operations (an aircraft operation
is deﬁned as an arrival or departure of an aircraft) based on
data from the air traﬃc activity system (Federal Aviation
Administration 2018).
Economic Costs
We estimated the economic costs of the mitigation translocations conducted during each of the raptor management
programs. Following Pullins et al. (2018), we only included
personnel and mileage costs directly associated with the
translocation of red‐tailed hawks. Personnel costs to translocate hawks were based on a standard salary and beneﬁts
rate of US$34.39 per hour (Pullins et al. 2018). We used an
estimated mileage cost of US$0.73 per mile (obtained from
the American Automotive Association, Heathrow, Florida,
USA; http://www.aaa.com). In our evaluation, we did not
take into account the costs to live‐capture and handle the
hawks, which included costs such as personnel, vehicle use,
and ﬁeld equipment (Pullins et al. 2018).
We deﬁned a hawk strike as a damaging strike if there was
any reported amount of damage to the aircraft. Based on
information provided in Dolbeer (2018), the average estimated cost of a red‐tailed hawk damaging strike to a civil
aircraft was US$85,564.
Statistical Analyses
We summarized the management actions taken, types of
live traps used, return rates of translocated hawks, and red‐
tailed hawk strikes among hawk age classes using descriptive
statistics. We used Student t‐tests to compare the airﬁeld
abundance of red‐tailed hawks and the average number of
red‐tailed hawk strikes per year between Phase I and Phase
II (Zar 1996). We used comparison of proportion tests
(Zar 1996) to compare the proportion of non‐lethal hazing,
mitigation translocations, and lethal actions between the
two management programs and the proportion of returning
HY hawks during Phase I and Phase II. We considered
diﬀerences signiﬁcant at P ≤ 0.05 and conducted all statistical analyses using SAS 9.4 (SAS Institute, Cary, NC,
USA). Results are presented as mean (±1 SE).

RESULTS
Management Program Characteristics
During Phase I, a total of 980 management actions were
conducted involving red‐tailed hawks that posed a risk to safe
aircraft operations at ORD (an average of 280 actions/yr). A
total of 1,070 management actions were conducted involving
red‐tailed hawks at ORD during Phase II (an average of 306
actions/yr). Across both management programs, vehicles,
ﬁrearms, and pyrotechnics were used in 6.8%, 20.7%, and
239

Table 1. Management actions taken to reduce the risk of red‐tailed hawk
strikes with aircraft during 2 raptor hazard management programs conducted at Chicago’s O’Hare International Airport, Chicago, Illinois, USA,
2010–2016.
Method
Non‐lethal hazing (all)
Vehicle
Firearms
Pyrotechnics
Translocations
Lethal removal (all)
Firearms
Trap & euthanize
a

b

Phase I

Phase II

23
5
13
5
788a
167
144
23

228
12
39
177
415b
427
208
219

Phase I

Of these mitigation translocations, 610 involved red‐tailed hawks
marked with unique patagial wing tags, as reported in Pullins
et al. (2018).
Of these mitigation translocations, 316 involved HY red‐tailed hawks
marked with unique patagial wing tags.

72.5% of the non‐lethal hazing actions, respectively
(Table 1). Of the lethal removal events, 59.1% involved the
use of ﬁrearms and 40.9% involved the use of trapping and
humane euthanasia (Table 1).
During the Phase II management program, 9.9 times
more (z = 13.02, P < 0.001) non‐lethal hazing events occurred, approximately half as many (z = 19.07, P < 0.001)
hawks were live‐trapped and translocated, and 2.5 times
more (z = 11.34, P < 0.001) lethal removals were conducted
relative to Phase I (Table 1). For every lethal action taken
during Phase I, 4.8 non‐lethal activities were conducted,
whereas for every lethal action taken during Phase II, 1.5
non‐lethal activities were conducted.
Several types of raptor traps were used to capture red‐
tailed hawks during the management programs. Trapping
eﬀort information was not available for analysis. The frequency of red‐tailed hawk captures by trap type varied between the Phase I and Phase II management programs
(Fig. 1). Bal‐chatri traps accounted for more hawk captures
during Phase I (16.6% of all hawk captures) than during
Phase II (2.8% of all hawk captures). Similarly, pole traps
accounted for a higher proportion of red‐tailed hawk captures during Phase I (26.1% of captures) than during Phase
II (6.5% of captures). Swedish goshawk traps were the most
commonly used trap during both Phase I and Phase II, but
this method resulted in more hawks being captured during
Phase II (90.7% of captures) relative to Phase I (57.2% of
captures).
Return Rates of Translocated Hawks
Of the 90 HY red‐tailed hawks that were translocated from
ORD during the fall or winter during Phase I, 14 (15.6%)
returned to the airﬁeld (Pullins et al. 2018). A similar
(z = 1.15, P = 0.25) proportion (33 of 316, i.e., 10.4%) of
patagial tagged and translocated HY hawks returned to the
ORD airﬁeld, during Phase II of the study.
Airﬁeld Abundance of Red‐tailed Hawks
We observed more (t4 = 3.51, P = 0.01) red‐tailed hawks
per survey on the ORD airﬁeld during Phase I (3.6 ± 0.5)
than during Phase II (1.4 ± 0.6). Overall, red‐tailed hawk
240

Bal-chatri

Pole trap

Swedish Goshawk Trap

Phase II

Bal-chatri

Pole trap

Swedish Goshawk Trap

Figure 1. Distribution of raptor trap types used to live‐capture red‐tailed
hawks during 2 raptor hazard management programs conducted at
Chicago’s O’Hare International Airport, Chicago, Illinois, USA,
2010–2016.

abundance on the airﬁeld was highest during the fall migratory period (August through October) and lowest during
the early breeding season (April through June).

Table 2. Reported red‐tailed hawk strikes with aircraft (reported strikes
per 100,000 aircraft movements), by hawk age class, during 2 raptor hazard
management programs conducted at Chicago’s O’Hare International
Airport, Chicago, Illinois, USA, 2010–2016.
Age class

Phase I

Phase II

HYa
SYb
ASYc
Unknown
Total

6
10
17
18
51

1
5
8
15
29

a
b
c

(0.20)
(0.36)
(0.55)
(0.59)
(1.70)

(0.03)
(0.13)
(0.26)
(0.26)
(0.91)

Total
7
15
25
33
80

(0.11)
(0.24)
(0.37)
(0.36)
(1.30)

HY = hatch‐year.
SY = second‐year.
ASY = after–second–year.
Wildlife Society Bulletin • 45(2)

Red‐tailed Hawk Strikes with Aircraft
Compared with Phase I, there were 47% fewer red‐tailed
hawk strikes with aircraft and 67% fewer damaging red‐
tailed hawk strikes during Phase II (Table 2). The average
number of red‐tailed hawks strikes per year during Phase I
(14.7 ± 2.2) was not statistically diﬀerent (t4 = 2.18,
P = 0.08) from the average of 9.0 ± 1.2 hawk strikes per year
that occurred during Phase II. However, we believe this
represents an important diﬀerence in hawk strike rates resulting from the implementation of the 2 raptor hazard
management programs.
Of the 80 red‐tailed hawk strikes that were reported to
have occurred at ORD during 2010–2016, 47 (59%) contained age class information (Table 2). Overall, 14.9%,
31.9% and 53.2% of the red‐tailed hawk strikes with age
class information involved HY, SY, and ASY hawks, respectively. Red‐tailed hawk strikes involving HY, SY, and
ASY birds were 83.3%, 50.0%, and 52.9% less, respectively,
during the Phase II management program compared with
the Phase I management program (Table 2).
Economics of the Management Programs
Based on cost information provided by Pullins et al. (2018),
we estimated that the average cost to translocate each bird
during Phase I was US$79.95. Extrapolating to the total
number of hawks translocated during Phase I, the total cost
of mitigation translocations conducted was US$63,001.
Estimates do not include the costs of live‐capturing and
caring for the hawks while they are being held prior to
translocation.
The estimated cost of one translocation event to Castle
Rock State Park (the release site during Phase II) was
US$284. However, given more than one red‐tailed hawk
could be translocated during an individual event (assuming
they were available for transport) the actual total cost per
bird was consequently less. On average, we estimate the cost
per bird for translocation to the Castle Rock State Park (the
release site) was US$68. Extrapolating to the total number
of HY translocated during Phase II, the total cost for mitigation translocations during Phase II was US$28,220,
which is 55% less than the total cost for mitigation translocations conducted during Phase I.
During Phase I, there were 6 reported red‐tailed hawk
strikes that caused damage to aircraft, resulting in an estimated US$513,384 in aircraft damage. During Phase II,
there were only 2 damaging red‐tailed hawk strikes reported, resulting in an estimated US$171,128 in damages
(~67% less than during Phase I).

DISCUSSION
To our knowledge, our study is the ﬁrst published work to
evaluate the eﬃcacy and economics of raptor hazard management programs at airports. Although the components of
an individual raptor hazard management program might
vary, the ultimate goal of any such mitigation program is to
reduce the frequency of raptor‐aircraft collisions and their
potential eﬀects on human‐aviation safety.
Washburn et al. • Comparison of Raptor Management Programs

Our ﬁndings demonstrate that a raptor hazard management program based on a combination of non‐lethal hazing,
mitigation translocation, and lethal removal (Phase II) was
less expensive and more eﬀective at reducing red‐tailed
hawk strikes than a management program focused primarily
on mitigation translocations (Phase I). Fewer red‐tailed
hawk strikes might have been due to a reduced abundance
of red‐tailed hawks on the airﬁeld, more management actions, directly removing more problematic red‐tailed hawks,
or some combination of these factors.
Detailed, airport‐speciﬁc wildlife strike information is essential to allow for the evaluation of wildlife‐hazard mitigation programs and actions at an individual airport or
military airbase (Merriman et al. 2007, Pitlik and
Washburn 2012). Although summaries and analyses of large
amounts of wildlife strike information are very useful for
documenting and understanding trends at a nation‐wide
scale (e.g., DeVault et al. 2011, Dolbeer 2018), airport‐
speciﬁc data collected within speciﬁed timeframes is necessary to evaluate the eﬃcacy of mitigation programs. More
importantly, as in our study, the wildlife strike data must
include information such as age class. The raptor hazard
management programs we evaluated involved various actions that were dependent on the age of the birds; consequently, hawk strike information must have the same level
of detail to allow for eﬀective comparisons. Age class information is rarely included in wildlife strike reports
(Dolbeer 2018); we only had these details available because
it is an important part of the raptor hazard management
programs speciﬁc to ORD.
Pullins et al. (2018) found that the age of red‐tailed hawks
had a strong inﬂuence on the eﬃcacy of mitigation translocations for this species. Younger (i.e., HY) hawks comprised
a relatively low portion of the red‐tailed hawk strikes at ORD
during this study. This suggests that overall, HY are less frequently involved in aircraft strikes compared with older age
classes, the 2 raptor hazard management programs were effective in reducing HY hawk strikes to a relative low level, or a
combination of these factors occurred. Additional evaluations
of the inﬂuence of age class on red‐tailed hawk strike rates, as
well as with other raptors, are needed to provide a better understanding of how age might inﬂuence the components of an
eﬀective raptor management program at airports.
Managing raptors and the associated strike risk at an airport is a ﬁnancially costly component of many airport
wildlife hazard management programs. We found that
compared with the Phase I raptor hazard management
program, the Phase II program cost approximately half as
much and resulted in reduced economic costs due to hawk
strikes by two‐thirds. Further, if the airport wildlife biologist was traveling away from the airport to translocate a
raptor(s), he or she was not on the airﬁeld addressing other
wildlife‐related safety issues and thus the risk of wildlife‐
aircraft collisions could be increased. We recommend airports and military airﬁelds incorporate translocation plans
and conduct their own economic evaluations of their raptor
hazard management programs to examine the ﬁnancial and
biological eﬃcacy of those management actions.
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The conservation or population status of an individual
species strongly inﬂuences management decisions related
to the management of human‐raptor conﬂicts, especially at
airports (Washburn 2018). For highly abundant species,
such as red‐tailed hawks, a combination of lethal and non‐
lethal management tools is likely the most appropriate
approach to mitigate threats to human‐aviation safety. In
contrast, lethal removal might not be a viable option when
managing species with federal or state threatened or endangered status (e.g., short‐eared owls [Asio ﬂammeus],
peregrine falcons [Falco peregrinus]) or those with special
protection (e.g., bald eagles [Haliaeetus leucocephalus] and
the Bald and Golden Eagle Protection Act [16 USC
§§668‐668d]; Washburn et al. 2015, Washburn 2018). In
such situations, a non‐lethal program (e.g., hazing, mitigation translocations) is likely the only option available to
wildlife biologists and airport managers working to mitigate risks of raptor‐aircraft collisions involving these
species.
Management decisions on speciﬁc methods and practices
to reduce the presence of hazardous wildlife, such as red‐
tailed hawks, on airports involves a complex set of variables.
A variety of ecological and socio‐political factors, such as the
biology of the species involved (Pullins et al. 2018), legal
status of the species involved, direct economic costs of
management actions, personal and corporate liability of
wildlife strikes (Dale 2009), hidden logistical costs (Massei
et al. 2010), and public perception of the management
program in an increasingly social media‐focused world
(Graham et al. 2005, Cushing and Washburn 2014,
Washburn 2018) might inﬂuence the selection of speciﬁc
management actions to be taken. Although some variables
are relatively straightforward, others are more complex
when attempting to incorporate them into a decision matrix. Our study represents an important step in providing a
scientiﬁc foundation for the development of eﬃcacious
management eﬀorts to reduce the risk of raptor‐aircraft
collisions.

MANAGEMENT IMPLICATIONS
A variety of biological, ﬁnancial, and socio‐political factors
might inﬂuence the composition of an integrated wildlife
damage management program to decrease the risk posed by
raptors to safe aircraft operations. We found that a raptor
hazard management program based on a combination of
non‐lethal hazing, mitigation translocation, and lethal removal was less expensive and more eﬀective at reducing red‐
tailed hawk strikes than a management program focused
primarily on mitigation translocations. We demonstrate
that airport wildlife management decisions based on scientiﬁc data and biological information can aid in reducing
wildlife strikes, ﬁnancial losses, and ultimately airport liability while increasing human safety. Airport and wildlife
managers can use information regarding the eﬃcacy of
raptor management programs to develop science‐based
management plans to eﬀectively reduce the frequency and
severity of red‐tailed hawk collisions with aircraft.
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